We conducted a prospective study to determine the relationship between central (CVP) and peripheral (PVP) venous pressures in critically ill patients. CVP and PVP were measured on five different occasions in 20 critically ill patients in the intensive care unit. Results showed that the mean difference between PVP and CVP was 4.4 mmHg (95% CI= 3.7 to 5.0). However, PVP might be 1.9 mmHg below (95% CI=0.7 to 3.1) or 10.6 mmHg above (95% CI=9.4 to 11.8) the CVP. The mean difference between changes in PVP and corresponding changes in CVP was 0.3 mmHg (95%CI=-0.1 to 0.7). The actual change in PVP could be 3.0 mmHg below (95% CI=2.3 to 3.7) or 3.6 mmHg above (95% CI=2.9 to 4.3) the change in CVP. Overall, the direction of change in PVP (rise or drop) predicted a same direction of change in CVP with an accuracy of 78%. Changes in PVP ≥2 mmHg predicted a change in same direction of CVP with an accuracy of 90%. The direction of changes in CVP ≥2 mmHg were predicted by the direction of change in PVP with an accuracy of 91%. We conclude that PVP measurement does not give an accurate estimate of the absolute value of CVP in individual patients. However, as changes in PVP parallel, in direction, changes in CVP, serial measurements of PVP may have a value in determining volume status and guiding fluid therapy in critically ill patients.
Fluid resuscitation of hypovolaemic patients and use of venodilator or diuretic therapy in fluid overload patients is frequently undertaken using only clinical examination as a guide. Measurement of central venous pressure (CVP) via a catheter inserted into a central vein may be a useful complement to clinical examination in such situations 1 . However, central line insertion requires a certain level of expertise and may be associated with significant complications, related both to the procedure of catheter insertion (pneumothorax, haemothorax) and also to the presence of an indwelling venous catheter in the circulation (air or catheter embolization, venous thrombosis, cardiac arrhythmias, sepsis). A simple tool that would give an indication of the absolute value and changes of CVP that occur with treatment without the need of central line insertion would be of significant value in assessing volume status in critically ill patients.
Measuring pressures through peripherally inserted venous cannulae (peripheral venous pressure-PVP) might be an alternative to central line insertion. This has not been widely advocated in the past, as peripheral veins, unlike central ones, have valves that may interrupt the continuous column of blood between the right atrium and the peripheral vein. Peripheral veins are also thin-walled and may be more easily subjected to compression and occlusion by the surrounding soft tissues. However, in both humans and animals under experimental conditions, a correlation between CVP and PVP has been reported, though the latter tends to be higher than the former due to the additional hydrostatic effect of the blood column between the central and peripheral veins. Furthermore, these experimental studies suggested that fluid resuscitation produces parallel changes in CVP and PVP [2] [3] [4] [5] .
The aim of this study was to determine whether a relationship between CVP and PVP exists in critically ill patients, and whether changes in one parallel changes in the other.
METHODS
The Intensive Care Unit of the Manchester Royal Infirmary, Manchester, U.K., was visited every sixth day and any patients who had both a central and a peripheral line were considered for this study, which was approved by the ethics committee of our hospital. This was repeated until 20 patients were included in the study. The patients' next of kin were given an information leaflet explaining the purpose of the study and their verbal agreement was sought. For each patient, CVP and PVP were measured at five points in time that were at least one hour apart. To measure CVP, the central line was flushed with 20 ml of 0.9% saline solution, allowed to equilibrate for three minutes, and a reading was obtained using the mid-axillary line as a reference point. The peripheral line was then flushed with 20 ml of 0.9% saline solution to ensure its patency. Fluids given for flushing were considered part of the prescribed treatment for fluid depleted patients and were taken into consideration for fluid overloaded patients. The pressure transducer was then disconnected from the central line and was connected to the peripheral line. This was allowed to equilibrate for three minutes and a reading (PVP) was obtained. During the equilibration period for the peripheral line, the patient's upper limb from where the PVP was measured was straightened and held out so that the peripheral line was at the level of the mid-axillary line. The same person who was taking the readings did this. The person taking the readings was not blinded. Pressures were measured at end-expiration by observing the patients breathing movements. Readings were obtained only if the patient was supine and only in patients who clinically did not have oedematous arms (i.e. gross swelling, pitting oedema). The patient's pulse, blood pressure, core, and peripheral temperatures were recorded along with the first reading. The amount of intravenous fluid given and urine output in the hour prior to the first reading were also recorded.
Real-time waveforms were displayed for both CVP and PVP and absolute numerical values were recorded by the same system (PC2 Bedside Monitor 90305 with Multiview 90470 Module; SpaceLabs Medical, Redmond, U.S.A.). Central venous catheters (7F, 3 Lumen, 20 cm, Arrow International, Reading, PA, U.S.A.) were used. Peripheral intravenous catheters (Luer Lok™ , Becton Dickinson Infusion Therapy AB SE25/06, Helsingborg, Sweden) were used. The transducer sets (Tru Wave transducer sets, Edwards Life Sciences, Edwards, U.S.) used for pressure recording were room-air zero calibrated just before the first reading of the study, and maintained at mid-axillary line level throughout the study period. All haemodynamic data were recorded to the nearest mmHg.
STATISTICAL ANALYSIS
Bland and Altman's approach 6 was used to assess the agreement between absolute CVP and PVP readings. In this analysis the difference of the two measurements is plotted against the average of the two measurements. This way, the mean of the difference is identified and the limits of agreement between the two measurements (mean±2 standard deviations) calculated. The same method was also used to assess the agreement between changes in CVP and PVP. The accuracy of changes (direction) in PVP in predicting changes (direction) in CVP was also calculated. Accuracy was defined as percentage of successive readings where the direction of change was the same for both CVP and PVP.
RESULTS
Twenty patients were included in this study, 17 males and three females, aged 30 to 83 (median 63) years old. Sixteen were postoperative patients (six cardiac, six abdominal, four vascular and two trauma patients, and two were treated for pneumonia. Ten patients had positive pressure ventilation, and ten were breathing spontaneously. Seventeen patients had an internal jugular, one a subclavian and two a femoral central line. Correct placement of central lines was confirmed with a chest X-ray. One patient had a 20 gauge, five an 18 gauge, six a 16 gauge, and eight a 14 gauge peripheral catheter. Peripheral cannulae were positioned in the distal forearm or wrist in all cases. The patients' median physiological parameters at the time of first pressure reading were pulse 78 (range: 57 to 107 bpm), blood pressure 80 mmHg (range: 65 to 105 mmHg), core temperature 37°C (range: 35 to 38°C), and peripheral temperature 33°C (range: 29 to 37°C). In the hour preceding our first measurement our patients had received 56 to 600 ml of intravenous fluid therapy (median 135 ml), and had passed 20 to 400 ml of urine (median 99). None of the patients received inotropic or vasodilator therapy.
The CVP and PVP readings versus time for each patient are shown in Figure 1 . The difference between PVP and CVP versus mean ((CPV+PVP)/2) for all readings is shown in Figure 2 . Results showed that the mean difference between PVP and CVP was 4.4 mmHg (95% CI, 3.7 0-5.0). However, PVP might be 1.9 mmHg below (95%CI, 0.7-3.1) or 10.6 mmHg above (95% CI, 9.4-11.8) the CVP.
Considering all readings together (Figure 3 ), the mean difference between changes in PVP and corresponding changes in CVP was 0.3 mmHg (95% CI, -0.1 to 0.7). The actual difference between changes in PVP could be 3.0 mmHg below (95% CI, 2.3 -3.7) or 3.6 mmHg above (95% CI, 2.9 -4.3) the change in consecutive CVP readings.
Qualitatively, the direction of change in PVP (rise or drop or constant) predicted the direction of change in CVP with an accuracy of 78%. However, this accuracy depended on the magnitude in PVP change, with changes in PVP equal to or greater than 2 mmHg predicting the direction of change of CVP with an accuracy of 90% ( Table 1 ). The direction of changes in CVP of less than 2 mmHg was predicted by the direction of change in PVP with an accuracy of 68%. The direction of significant changes in CVP (equal to or more than 2 mmHg) was predicted by the direction of change in PVP with an accuracy of 91%. In only 6 of 80 (7%) reading intervals CVP and PVP moved in opposite directions.
DISCUSSION
Central venous pressure is one of the clinical parameters used to guide fluid administration in critically ill patients 1 . Central line insertion can be associated with significant complications, which may be more frequent when central lines are inserted under emergency conditions and by less experienced staff. Estimation of CVP without insertion of a central venous catheter would be of value in the accident and emergency department, and in acute medical or surgical wards where expert help for central line insertion may not always be immediately available.
In this study we explored whether, in critically ill patients, pressures measured via a catheter inserted into a peripheral vein correlate with CVP and whether changes in one are mirrored by changes in the other.
Dessiris 5 showed a good correlation between CVP and PVP in hypovolaemic dogs even when CVP was as low as 0 mmHg. Fluid resuscitation produced parallel rises in CVP and PVP. Furthermore, PVP and CVP correlated well with pulmonary artery pressure, wedge pressure and systolic arterial blood pressure. Under experimental conditions, in man, changes in CVP result in identical changes in PVP 3-5 .
Munis et al 7 compared PVP with CVP across 1026 paired measurements in 15 patients undergoing craniotomy or spine surgery. Using repeated measures analysis of variance and simple regression analysis they indicated a highly significant relationship between PVP and CVP. Their observed correlation was better in cases with significant blood loss or haemodynamic instability. Along similar lines, Amar et al 8 measured PVP and CVP at random points in mechanically ventilated patients during surgery and in spontaneously breathing patients in the postanaesthesia care unit. They reported a high correlation between CVP and PVP. However, in both studies, linear regression analysis was employed which may be misleading when used to compare two methods of measurement of the same quantity.
In our study, when considering all patients together, the absolute value of PVP is such that, in clinical practice, it is unacceptable to use PVP measurements for predicting CVP values. The intersubject variability in the PVP-CVP difference may be due to physiological factors such as differences in venous flow and resistance or technical factors such as the exact position of the catheter tip in the blood vessel.
However, in clinical practice, trends in CVP rather than its absolute value are often used to guide fluid management [9] [10] . In hypovolaemic patients a fluid challenge may produce only a transient rise in CVP, whereas in states of normovolaemia or fluid overload, a fluid bolus may produce a more sustained rise. We demonstrated that the change in PVP between two consecutive readings is such as to suggest that it might not be clinically useful in predicting the actual value of change in CVP. However, our results suggest that the direction of change (rise or drop) in PVP may help to predict the direction of change in CVP. The direction of significant changes in CVP (equal to or greater than 2 mmHg) is predicted by similar changes in PVP with an accuracy of 91%. A change in PVP equal to or greater than 2 mmHg predicts a change in CVP in the same direction with 90% accuracy.
There are certain limitations to this study. Patients with peripheral venous catheters 14 gauge to 20 gauge were included. Peripheral venous catheters were inserted in the distal forearm or wrist whereas central venous catheters were inserted in the subclavian, internal jugular or femoral veins. Larger studies will be needed to determine whether the exact catheter size or site of insertion influences PVP values and the difference between CVP and PVP. The person recording the results was not blinded, which could have introduced bias. Therefore future studies will need to address this issue as well as inter-and Average pressure by the two methods (mmHg) Difference in pressure (CVP-PVP) (mmHg) intraobserver variation in making the recordings. Determining end-expiration pressures by observing the patient's breathing movement may not be an absolutely accurate method. However, in an emergency department or acute ward settings, more accurate methods of detecting end-expiration may not be available and thus our results are applicable to these conditions.
In conclusion, our results suggest that PVP measurements may give little information about the absolute CVP value or the value of CVP changes. However the direction of changes in PVP may have a role in guiding fluid therapy. Larger studies in the accident and emergency department, and in acute surgical wards specifically looking at the response of PVP and CVP to fluid administration, are needed to fully determine the potential value of PVP measurements in assessing volume status. 
